One of the most important issues in agrifood industry and its supply chain is the existence of by-products, treated as wastes and discarded immediately to the waste disposal. This treatment might lead to loss of possibility in gaining economy value from them. Implementation of circular economy concepts could prevent the economy value loss, through utilization of said wastes as resources for other processes. While it has high opportunity in Indonesia, the implementation has met several obstacles, especially in the case of an organic fertilizer producer which operates with organic wastes as their inputs. In this research, the agentbased model of the company's case is defined, along with the issues they met. The model is expected to be used as testing ground for various scenarios to be taken by the company in marketing and selling their products.
I. INTRODUCTION
The agri-food industry is one of the most important industries related to human welfare as it is the industry which is directly related to the procurement of humans' basic need: food. The industry itself has been growing along with the development of civilization, as well as several issues arising in the industry. One of them is the high amount of waste from this industry, resulted from various processes conducted to produce the food products (Paloviita, 2017) . This issue has also been acknowledged as one of the characteristics in the supply chain of the agri-food industry, in which, generally, only one or two results from the processes are considered as the product, while the other inevitable byproducts are viewed as wastes (Van der Vorst et al., 2005) . These wastes are often discarded directly to the waste disposal, resulting in the failure to gain economic value from the by-products.
The loss of economic value from by-products of agri-food processes can be avoided by implementing the concepts of circular economy. The circular economy, first suggested by Pearce and Turner (1989) and then further expanded by EM Foundation (2012) is an economy system in which the wastes of one process are not discarded directly, but, instead, become the resources for other processes. These other processes will, in return, provide possible resources for the original process. The workflow of this system is designed to mirror the living system, which is said to be feedback-rich.
Through the implementation of this circular economy concept, there is possibility of gaining economic value from many by-products in the agri-food industry. There is also an opportunity for this implementation to be conducted in Indonesia. As recorded by Badan Pusat Statistik (2017), in Jakarta alone there is up to 3,233 cubic meters of organic waste, most of which has resulted from the activities in the agri-food industry. Some of this organic waste actually can be used as resources for other processes, which, in turn, will provide resources for the agri-food activities.
OrganicFe Co., an organic fertilizer producer based in Bekasi, Indonesia, is a company operating based on said principles. With the input resources of organic wastes, mainly composed of vegetable and fruit wastes, they can produce organic fertilizer and livestock feed by utilizing the black soldier fly larvae. The larvae consume vegetable and fruit wastes, then their biological wastes will be processed to become organic fertilizer. The larvae later can also be processed to become fish and livestock feeding. As they utilize the wastes from other agri-food supply chains and provide resources for said supply chain, it can be said that OrganicFe Co. is a key actor for implementation of circular economy concepts in the Indonesian agri-food supply chain.
However, OrganicFe Co. encountered problems in their interaction with farmers as their customers. This is mainly caused by the variety of farmers' characteristics and behavior: while some farmers purchase the fertilizer, others distrust organic fertilizer in general, some are opportunistic and only want free fertilizer, and there are also others who have high pride and will not try the fertilizer if their neighbor already uses it. Another problem arose from the farmers' side, in which, apparently, OrganicFe Co. does not have enough knowledge in actual farming, as they lack several steps in the procedure of applying their fertilizer or do not know the quality characteristics of plant farmers' needs.
The case of OrganicFe Co. demonstrates that the variety of behavior from one type of agent in the system can affect the outcome of the system, which, in this case, is the sales numbers of OrganicFe Co.'s organic fertilizer. In this research, we would like to analyze the problem from the perspective of agent-based model method framework. The agent-based model method is a modeling paradigm in which the behavior of a system's participants (agents) can be modelled, whereby the interaction between these agents and each of their behaviors result in something observable; this is also known as the emergent properties of the system (Wilensky & Rand, 2015) . In this method, the various behaviors of participants within a complex system can be addressed (North et al., 2005) . The agent-based model has been used as the social aspects of models due to its ability to simulate behavior of agents and interaction between them, such as in the research by Daloğlu et al. (2014) in which farmer agents are defined by their types and characteristics. When farmers with certain characteristics are affected by certain agricultural policies, they will react by choosing a certain conservation practices. The result of this interaction will then affect another linked model, the soil and water assessment model. So, from this model, the observable variables or the emergent properties are the soil and water quality, which are affected by the conservation practices adopted by the farmers.
In this research, the framework of agent-based model is used to analyze and define the current situation of OrganicFe Co.'s problem. Interviews with both the OrganicFe Co.'s side and the farmers' side were conducted, resulting in a description of the problem and definition of agents and workflow for OrganicFe Co.'s interaction with the farmers. In this research, the design is focused on OrganicFe Co. and the farmers. Several suggestions as to OrganicFe Co.'s current workflow are also defined, which mostly come from discussion with researchers from the farmers' side and theories from previous literatures. The emergent property to be observed in this model is OrganicFe Co.'s fertilizer sales, affected by the farmers' interaction and behavior.
II. LITERATURE REVIEW
As previously mentioned, circular economy is mostly concerned of the utilization of wastes as resources for other processes. According to EM Foundation (2012), the workflow of a circular economy is divided into two cycles: the biological cycle and technical cycle. In the biological cycle, the wastes will go through extraction of biochemical feedstock, anaerobic digestion and composting, before being returned to the biosphere and becoming biological nutrients. Meanwhile, for the wastes in technical cycles, they will go through the recycle, refurbish, reuse, or maintenance processes before they become technical nutrients for the main system workflow. Wastes in agrifood industry generally go through the biological cycle.
One of the most important properties of a circular economy is the existence of various processes, in which the wastes of one process will become the resources for another and so on. There is also the possibility that these processes are conducted by more than one actor, resulting in the interaction between the actors. Thus, when developing a model for such system, it is necessary to use a methodology which allows the involvement of more than one process as well as more than one actor. North et al. (2005) mentioned that the agent-based model can include the various behaviors of the actors, and Nilsson and Darley (2006) further confirmed this by the utilization of agent-based model for aiding the decision-making process in a packaging company.
Utilization of the agent-based model can also be observed in the research of Daloğlu et al. (2014) which involved several types of farmers with different characteristics and behavior. These characteristics and behavior are related to the way they react to various agriculture policies, and this reaction will result in their decision in adopting one particular conservation practice. The agent-based model is linked to the water quality model, so the conservation practices adopted by various farmers have effects on soil and water quality. With this model, the effect of policies towards soil and water quality can be observed.
There are several existing researches concerning the relation between marketing strategy and customers' behavior. Rahbar and Abdul Wahid (2011) found that some green marketing tools have an effect on consumers' purchase behavior. Jiuan Tan (1999) found that there are several strategies that can be used to become risk relievers for potential customers of Internet shopping. In the Verhoef et al. (2010) model, customer characteristics are also a factor to affect customer engagement strategies.
III. METHOD
As in the research by Nilsson and Darley (2006) , in order to design an agent-based model, understanding of the existing complex system is required. Thus, the research was started by interviewing several key actors in the system, as well as observing the process of OrganicFe Co. Two of OrganicFe Co.'s employees were chosen for the interviews: one involved in the production processes of OrganicFe Co. and the other involved in the marketing and sales of their products. Another interview was also conducted with an expert knowledgeable about crops farming and the effect of OrganicFe Co.'s products on the crops.
After enough information was gathered from the interviews, the design of the agent-based model for the current system was developed. Generally, an agentbased model consists of agents and scenario. For each agent, their properties and their behavior to various triggers should be defined. The differences of properties distinguish one agent from another, as well as also possibly impacting their behavior towards the various triggers within the system, both coming from the environment and the other agents. The scenario of the agent-based model contains the necessary information regarding the system that is not contained within the agents, including the workflow within which the agents would act. The interaction among agents with different behaviors would then result in a behavior of the system that is not initially defined, known as the emergent behavior of the system. In this research, the framework is illustrated in Figure 1 . The interaction of farmers' characteristics, along with OrganicFe Co.'s marketing strategy and fertilizer quality (in suitability with farmers' crops), would then result in the emergent properties of Organic Co.'s fertilizer sales and farmers' on-grade harvest result. prevents them from buying the fertilizer continuously: some of the farmers only want to obtain free fertilizer samples and will not buy it, other farmers with high pride will not buy fertilizers if they see their neighbor already using it first, out of fear that they will be seen as followers, while others had bad experiences with other types of organic fertilizers. This all caused their distrust of the OrganicFe Co. products. There is also the fact that, according to the expert in crops farming, there are several other locally produced organic fertilizers with lower price compared to OrganicFe Co.'s fertilizer. According to this expert too, the company often mistakenly chooses a quality for crops to be focused on. For example, in bok choy vegetable, OrganicFe Co. claimed their product as being able to provide the best quality by the measure of the width of the leaves. However, according to the expert, bok choy's marketable quality is not the width of their leaves, but their sweetness and crunchiness. Then, there is also the inadequate standard of operation procedure from OrganicFe Co. to use their products': there is actually a requirement of soil pH for OrganicFe Co.'s fertilizer to work efficiently. However, there is no evaluation of soil pH level in OrganicFe Co.'s standard of procedure for fertilizer usage.
A
. Agents Definition
The issues gathered from the interviews are then analyzed to become the agent-based model design for the system. Firstly, the agents for the model are defined. From the result of the interviews, there are two possible agents in the system: OrganicFe Co. and farmers. As OrganicFe Co. is the main actor of the case study, obviously the company would be one of the agents in the agent-based model. Then, there are farmers as the main customers of OrganicFe Co. They exhibit various behaviors and characteristics regarding their consumption of OrganicFe Co.'s products. While there are other actors in the system, they do not exhibit enough characteristics and behaviors to be made as independent agents. Thus, the inputs from other actors would be defined only as variables, which could be contained within the agents' properties and definition of environments. The next step following the definition of agents for the model is defining the properties for each agent.
The properties of OrganicFe Co. are presented in Table 1 . For the existing system, it is determined that several properties are important and might cause different behaviors in the interaction. The first is the type of suitable crop for their fertilizer, as resulted from the research process. Then, the variable of crop quality knowledge, represented in true/false value. Afterwards, there is the strategy for the promotion and socialization. The three types of promotion and socialization strategy are related to the characteristics of farmers. There are also several properties related to the processes of OrganicFe Co. in producing their fertilizer. The number of organic fertilizer sales will become the observable outcome of this model. Another agent type defined in the system is the farmer agent, and their properties are defined in Table  2 . Firstly, there is the property of crop type. Farmers will purchase OrganicFe Co.'s fertilizer if their crop type matches OrganicFe Co.'s suitable crop property.
There are also the three properties related to the farmers' characteristics: high pride, opportunistic, and trust. The state of these properties will determine OrganicFe Co.'s promotion and socialization strategy. There is also the amount of fertilizer needed by the farmers along with their overall cost in fertilizer purchase. Finally, there is the amount of on-grade harvest result which could be sold to the market. 
B. Scenario Definition
After the agents have been defined, the next step to be taken is defining the basic scenario in which the model would run. The basic scenario in this case would consist of the workflow of the agents in the model. It is illustrated in Figure 2 . The main process of OrganicFe Co. is highlighted with solid lines, while the suggested additional process is highlighted with dotted lines. First, the model simulates the research process of OrganicFe Co. The research process starts with OrganicFe Co. purchasing the wastes from the providers. In the model, this will be represented by the waste purchasing cost property from OrganicFe Co., which is the result of amount of wastes purchased times the price for one kilogram of wastes, Rp 500. Afterwards, OrganicFe Co. would select the composition of wastes to be researched and produce the fertilizer. The resulting fertilizer is then tested for a type (or several types) of crops. If the fertilizer is not suitable for the crops planted by farmers, the research process is then repeated again. However, if the fertilizer is suitable for certain types of crops, then the fertilizer is marketable and OrganicFe Co. will keep producing the fertilizer, purchasing waste resources before conducting the production processes. Afterwards, the simulation will enter the promotion and socialization phase for the fertilizer.
The promotion and socialization phase is mostly conducted in the farmers' location. Basically, OrganicFe Co. will immediately promote and socialize their fertilizer for the farmers. However, from the theory considering that characteristics of customers are related to marketing strategy, it is suggested for OrganicFe Co. to firstly observe the condition of farmers by interacting with them. This is conducted to gather several types of information: the type of crops being planted by the farmers and the farmers' value for trust, pride, and opportunistic properties. Based on the majority of farmers, OrganicFe Co. should then make the decision whether to promote and socialize the fertilizer to these farmers, and what kind of promotion and socialization method, or marketing strategy, would be suitable for these farmers based on their characteristics. It is assumed that OrganicFe Co. would be able to successfully determine the right promotion and socialization method, ending with a fertilizer samples offer for the farmers and farmers trying the samples in their farming activities. The experience of farmers when they try the samples would affect the next step, also becoming the feedback for OrganicFe Co., the form of information regarding farmers' amount of on-grade harvest result.
The final phase of the model is the farmers' action after the trial. Suppose that the farmer had good experiences with the fertilizer, the farmer agent would then make a decision based on their property of being opportunistic or not. If the farmers are opportunistic, even though they have positive experiences with the fertilizer, they still would not buy the fertilizer. However, if the farmers are not opportunistic, they would buy the fertilizer and use it in the farming activities. These behaviors will result in sales of OrganicFe Co.'s fertilizer, along with farmers' on-grade harvest result. The result would be given to OrganicFe Co. as feedback, and would determine the farmers' experience with the fertilizer, thus repeatedly conducting the whole purchase and after purchase processes. It is also suggested for OrganicFe Co. to research concerning their fertilizer based on the farmers' feedback. This is to ensure that OrganicFe Co. gains better understanding about the farming practices, especially through the words of farmers who experience their product directly. The result of this research could possibly be used in their production processes, or to better the practices in utilizing their fertilizer, such as improving their standard operating procedure. V. CONCLUSION The implementation of circular economy concepts might become an answer for the issue of economic value loss when by-products are treated as wastes in the agri-food industry. However, the implementation is not without obstacles. From the case of OrganicFe Co., it is found that there are obstacles arising from the interaction with various actors in the system, especially the farmers. The current situation is then analyzed from the perspective of agent-based model method, and a design consisting of agents and a scenario definition for the problem were made, with the emergent properties of this design being the sales of OrganicFe Co.'s fertilizer. The design, however, is still in early phase. It is focused on the problems of interaction between OrganicFe Co. and the farmers: incompatibility between farmers' characteristics and OrganicFe Co.'s marketing strategy, and also the lack of farming knowledge from OrganicFe Co.'s side. To handle the problems, it is suggested for OrganicFe Co. to observe the farmers before deciding their marketing strategy, also to expand their farming knowledge by utilizing feedback from the farmers.
From this model design, we can identify how the interaction progresses between OrganicFe Co. and the farmers. The possible points of interaction which possibly caused the problems were also identified, along with the possible actions to handle these points. Analyzing the case from an agent-based model framework allows us to gain deeper understanding of the actors, precisely how the differences between the perspectives of each actor could lead to misunderstanding and the failure to achieve collaboration between these actors. As in this case, OrganicFe Co.'s failure to understand the crops quality desired by the farmers led them to have bad perspectives on the fertilizer. Similarly, the farmers' various perspectives on the fertilizer, along with their characteristics, lead them to react differently to the marketing schemes, affecting their decision whether to purchase the fertilizer or not. As both actors only focus on their own interests and have no regard to the other actor, it leads to the failure of collaboration in this system.
There are several possible developments for the current agent-based model design. First, there might be the inclusion of other actors of the system as agents, especially if they exhibit certain characteristics and behavior in interaction with the OrganicFe Co. and farmer agents. Then, there is also the possibility to add other processes in the scenario workflow of the system, along with the inclusion of other actors. The processes might cover the whole agri-food supply chain in relation to the crops farming, so it can also visualize the system's circularity as the product flow for the whole supply chain is modeled. It is also possible to adjust the model for other cases related to the agri-food supply chain, especially those supporting the implementation of circular economy.
In regard to the problem of interaction between farmers and OrganicFe Co., there might be future researches in finding ways to enable collaboration between them. By utilizing the agent-based framework, we gain insights on how the current condition is and several possible additional processes for better collaboration. These processes should be delved into more, especially in terms of integrating them within a contract for better establishment of collaboration in the future. In relation to the contracts, the kind of incentives required by all actors for them to gain benefits from the participation could also be identified.
